Abstract. The Raspberry Pi is a low cost single board computer which has recently become very popular. In this paper we introduce a case for developing a low cost interface device which transmits data using the Raspberry Pi. It has a resistive touch view providing a user interface for bidirectional information from manufacturing instruction to inspection result of finished goods.
Introduction
Today's machining shop floors, characterized by large variety of products in small batch sizes, require dynamic control and real-time monitoring capabilities that are responsive and adaptive to the rapid changes of production capability and functionality. It is especially true when the shop floors are combined with the e-manufacturing concept [1] . Nowadays in Korea, the smart factory is considered as a typical ideal production model where operations are connected across the plant. At the heart of the smart factory is the coordination and control of machinery and personnel including engineer and operators. An idea to create a remotely controllable workshop is not new, but the challenges with interaction scenarios between machines (CNC and robots) and humans became more and more complex. Usually industrial automation is mainly organized by microcontroller systems and the main disadvantages of such systems is focusing on specific tasks, needs of external personal computer and advanced level of user's programming skills [2] .
Almada [3] insisted that there's still a lot of confusion about the implications for manufacturing, the confusion starts with what matters in Industry 4.0. Considering the technology enablers for Industry 4.0. Include Mobile, Cloud, Big Data analytics, Machine to Machine (M2M), 3D Printing, Robotics, MES(Manufacturing Execution System) and so on. In spite of this current trend, small manufacturing companies are hesitating to the technologies on account of the amount of financial investment. Consequently we need to develop cheaper tools and devices especially to implement in the manufacturing shop floor for small business.
Recently there are some reference researches which show the application case studies using Raspberry Pi. Jain et al. [4] introduced a case study for home automation which has achieved by local networking or by remote control. This paper aims at designing a basic home automation application on Raspberry Pi through reading the subject of E-mail and the algorithm for the same has been developed. Paramanathan [5] presented the design and performance evaluation of an inexpensive testbed for network coding protocols composed of Raspberry Pis. Vujovic et al. proposed the Raspberry Pi which is cheap, flexible, fully customizable and programmable small computer board and has abilities of its usage as WSN node and SensorWeb node. The Raspberry Pi brings the advantages of a PC to the domain of sensor network, what makes it the perfect platform for interfacing with wide variety of external peripherals [6] . Also Bluetooth communication using a touchscreen interface with the Raspberry Pi has been introduced by Sundaram et al. [7] .
The main aim of this paper is to show the implementation case study on development of MES for a small business which produces ventilating fan, in which case study, Raspberry Pi is very effective tool to complete the successful MES. This paper consists of four chapters. In chapter 2, we describe the characteristics of Raspberry Pi and a feasibility check for MES for small business. A case study for ventilating fan manufacturing company is introduced in chapter 3. Summary is in chapter 4, and references are followed in a row.
Characteristics of Raspberry Pi
In reality most of the shop floor in small business deals with much more simple information in comparison with large scaled business, even though they make the same products in the same process. In spite of a simple model of MES, we need to test operation in terms of feasibility and effectiveness check for use of Raspberry Pi in terms of its characteristics such as the interface device which provides various fields for data entry via an onscreen keyboard.
Introduction to Raspberry Pi
The Raspberry Pi is a series of credit card sized single-board computers developed in the United Kingdom by the Raspberry Pi Foundation to promote the teaching of basic computer science in schools and in developing countries. Accessories including keyboards, mice and cases are not included with the Raspberry Pi. There are a number of developers and applications that are leveraging the Raspberry Pi for home automation. These programmers are making an effort to modify the Raspberry Pi into a cost affordable solution in energy monitoring and power consumption. Because of the relatively low cost of the Raspberry Pi, this has become a popular and economical solution to the more expensive commercial alternatives. This trend has been extended to the manufacturing environment in the virtue of cost effectiveness in comparison with other devices.
Characteristics of Hardware and Software
Several generations of Raspberry Pis have been released as shown in Table 1 . All models feature a Broadcom system on a chip (SoC), which includes an ARM compatible central processing unit (CPU) and an on chip graphics processing unit. Most boards have between one and four USB slots, HDMI and composite video output, and a 3.5 mm phone jack for audio. Lower level output is provided by a number of GPIO pins as depicted in figure 1. The Raspberry Pi primarily uses Raspbian, a Debian-based Linux operating system. Other third party operating systems available via the official website include Ubuntu MATE, Snappy Ubuntu Core, Windows 10 IoT Core, RISC OS and specialized distributions for the Kodi media center and classroom management. Many other operating systems can also run on the Raspberry Pi [8] .
A Case Study of Manufacturing for Ventilating Fan
We developed a MES application using Raspberry Pi for a small business manufacturing ventilating fan. Table 2 shows the requirement function and the contents which are displayed in Raspberry Pi touch view. Table 2 . Requirement function and the contents displayed in Raspberry Pi.
Function

Contents Displayed
Process Planning 
System Configuration
The system composed of modules such as a database module which manages to export manufacturing order. And database can collect the shop floor status in real time, and store a lot of reporting data from individual work places. Another component is PC application which plays a role of summarizing and analysis of data from all the components, and web based mobile application module is also important in the view of popularization. The other one is the Raspberry application module as shown in Figure  2 . 
Achievement of Development
In order to develop the Raspberry Pi application software, we utilized Raspberry Pi 3B on the basis on Windows 10 IoT. The computer languages to developing this system are Visual .Net 2015 and C#. The GPIO (General Purpose Input Output) in Raspberry Pi and 'Hybrid App.' has been efficient in the signal recognition and control process of some sensors. An application result for ultrasonic sensor to detect the distance for material and product inspection is depicted in Figure 3 . Also figure 4 shows a example of the Raspberry Pi touch view, which indicates the sequence of event in the shop floor. This information using Raspberry Pi touch view is very helpful for the operators or foremen to anticipate and prepare some manufacturing provisions in advance. And all of the information could be stored to and retrieved from the MES database through the connected and unconnected network such as an Ethernet or Wi-Fi connection. 
Summary
We introduced a case of MES implementation for small business using Raspberry Pi. It was very effective for the small business because there is not enough in the view of manpower and initial investment. Also we experienced there is no obstacle in developing process using Raspberry Pi on account of several tools such as Hybrid applications. The demonstrated manufacturing company acquired several effects using MES based on Raspberry Pi. As a further study in the near future, we will study the method to evaluate B/C (benefit and cost) ratio by doing before-and-after comparison.
